Abstract We evaluated the efficacy of a peer-educator network intervention as a strategy to reduce HIV acquisition among injection drug users (IDUs) and their drug and/ or sexual networks. A randomized controlled trial was conducted in St. Petersburg, Russia among IDU index participants and their risk network participants. Network units were randomized to the control or experimental intervention. Only the experimental index participants received training sessions to communicate risk reduction techniques to their network members. Analysis includes 76 index and 84 network participants who were HIV uninfected. The main outcome measure was HIV sero-conversion. The incidence rates in the control and experimental groups were 19.57 (95 % CI 10.74-35.65) and 7.76 (95 % CI 3.51-17.19) cases per 100 p/y, respectively. The IRR was 0.41 (95 % CI 0.15-1.08) without a statistically significant difference between the two groups (log rank test statistic X 2 = 2.73, permutation p value = 0.16). Retention rate was 67 % with a third of the loss due to incarceration or death. The results show a promising trend that this strategy would be successful in reducing the acquisition of HIV among IDUs.
Introduction

HIV Epidemic in Russia
While the HIV-epidemic is stabilizing worldwide, the number of people living with HIV continues to grow in Eastern Europe and Central Asia. According to a UNAIDS 2011 report, there has been a 250 % increase in the number of people living with HIV in Eastern Europe and Central Asia in the past decade [1] . The estimated number of adults and children living with HIV in the region grew from 410,000 [95 % CI 340,000-490,000] in 2001 to 1.5 million [95 % CI 1.3-1.7 million] in 2010. Russia and the Ukraine account for nearly 90 % of the regional epidemic. Injecting drug use remains the leading cause of HIV infection in this region. St. Petersburg is the second largest city in Russia with a population of more than 4 million people with an estimated 30,000-83,000 injection drug users (IDUs) [2, 3] . HIV prevalence and incidence among IDUs in St. Petersburg has remained high; in 2003 HIV prevalence and incidence in IDUs were 30 % and 4.5 per 100 p/y respectively [4, 5] ; in 2008 the incidence was 14 per 100 p/y [6] ; and in 2010 the prevalence and incidence were 35 % and 7.2 per 100 p/y respectively [7] .
This Russian population of IDUs is marginalized and criminalized. IDUs have limited access to syringes through needle exchange. Although syringes are legal at pharmacies, IDUs are often stigmatized and refused service [8, 9] . They also have limited access to World Health Organization (WHO) recommended effective drug treatment [10] , due in part to the laws that have criminalized drug replacement therapies such as methadone maintenance. HIV treatment, including antiretroviral therapy for IDUs is also difficult to obtain in many areas of the country [11] .
IDUs in Russia tend to interact in small networks where members buy and use drugs communally. The dynamics of these small networks, including their composition, risky sexual practices, injection related risk behaviors, and network turnover has been hypothesized to be important drivers for the epidemic in Russia [8, 12] . Thus, interventions within these risk networks may be an efficient venue to diffuse behavior change in injection and sexual practices with the objective to reduce HIV transmission.
IDU Peer Network HIV Prevention Intervention
Network interventions use a social influence approach based on theories of diffusion of innovations, social learning, social identity, cognitive dissonance, and social norms to diffuse behavior change from peer educators through their social networks [13] [14] [15] [16] [17] [18] [19] [20] [21] . Experimental studies also suggest that information presented by members of a network group is likely to be viewed as credible and to be more actively processed than information received from other individuals [19] . In addition, there is an intervention premise that the presence of a peer educator advocating HIV-related health behaviors in one's network would increase the salience of risk reduction norms [20] , and behaviors would change in the direction of these norms. It is also hypothesized that networks which are relatively small and dense, such as IDU networks in Russia, are especially conducive to this approach of behavior change.
Aims of the Study
The purpose of this study was to conduct a randomized controlled trial to assess the efficacy of a peer-educator intervention focused on IDUs and their drug and/or sexual network members. We hypothesized that the intervention would result in a reduction in the incidence of HIV infection and HIV risk behaviors among both the peereducators and members of their risk network compared to those in a control group. The intervention was designed to have index participants discuss and model injection and sexual risk reduction behaviors with their risk network members. It was anticipated that within small networks the social interaction by peer educators promoting risk reduction through modeling and verbal endorsement would lead network members to view risk reduction as an important set of behaviors practiced and endorsed by their peers. Moreover, the endorsing of the behavior would lead to behavior change among the peer educators and heightening the social norms of risk reduction would then be internalized by network members, leading to a reduction in risk behaviors. It was also anticipated that the change in risk behaviors would help to perpetuate new social norms of safer injection and sexual practices.
Methods
Trial Design
The study was a parallel design randomized trial including control and intervention arms with an enrollment ratio of 1:1. Each eligible index participant was asked to bring one to three network participants for enrollment. Networks clusters consisting of an index participant and his/her network participants were randomized to the control or experimental intervention groups. Only index participants received the intervention with the network participants educated by the index participants. Index participants and their network participants were to have follow-up visits every 6 months for 1 year after randomization. However, due to low return rates, participants were followed for up to 2 years. There was an attempt to contact by phone or home visit all participants 12 months after their enrollment date. At that time they were offered one final follow-up visit to occur up to 24 months following each participant's enrollment date.
Enrollment of Participants
Prior to enrollment, the protocol was approved by the ethical committees at the Johns Hopkins School of Public Health and the Biomedical Center in St. Petersburg. HIVnegative and HIV-positive IDUs and persons they identified as members of their social network who were either an IDU, a sexual partner, or both were eligible for enrollment. All participants were required to be [18 years old. To be eligible for enrollment, index participants had to report having injected drugs in the prior 3 months and to be willing and able to recruit at least one HIV risk network member (network participant) who was eligible for study enrollment. Only network participants who were recruited for the study by an index participant were enrolled. Only network participants who had injected drugs with and/or had sex with the relevant index participant within the 3 months prior to screening were eligible to enroll.
Interventions Design
The experimental intervention was designed as a psychological-communicative behavioral training aimed to prevent transmission of HIV and other sexually transmitted infections (STIs) in the population of IDUs. Index participants assigned to the experimental intervention were scheduled to attend eight training sessions (seven group sessions and one individual training) aimed at understanding the risks associated with injecting drug use and unprotected sex, and development of safe behavior skills. An important component of the training was to develop communication skills and encourage participants to share HIV prevention information with their social network members, primarily with sexual and injection partners. These sessions followed a detailed manual with specific role plays, problem-solving scenarios, and informational components. After completing the training, index participants from the experimental group were invited to repeat (booster) meetings once a month for 4 months to discuss their strategies, successes and failures in implementing information transfer to their network members. In the control group there were also eight sessions (all group sessions) of equivalent length among the index participants devoted to discussing issues of interest, viewing lifestyle videos, practicing non-specific exercises aimed at personal development and social adaptation. No booster sessions were offered to the controls. Informational booklets about HIV and STI prevention were available to participants in both groups.
Primary Outcome and Other Collected Data
Prior to enrollment, all participants provided written informed consent. The study followed standard operating procedures for the collection, handling and the testing of all biological materials. During the baseline and at all follow-up visits participants provided blood samples for HIV, syphilis, herpes, hepatitis B and C serology testing. The primary outcome of interest was the HIV status of the participants. The primary endpoint was time from randomization to HIV sero-conversion for individuals who were HIV negative at baseline. HIV status was determined with an ELISA (GENSCREEN HIV1/2) and confirmed with a Western Blot (NEW LAV BLOT 1). HIV RNA testing (AMPLICOR HIV-1 MONITOR Test, version 1.5) to determine acute infection was performed retrospectively on the serum samples. Sera from all HIV antibody negative participants were pooled and RNA tested at baseline and at each subsequent visit to more accurately determine sero-conversion. Any participant found to have acute HIV at baseline was excluded from the HIV incidence analysis.
During the baseline and all follow-up visits the participants were administered a study staff led behavioral questionnaire to determine their injecting and sexual behavior.
Sample Size
To achieve 90 % power to detect a 40 % reduction in the rate of HIV infection, from 6 to 3.6 % per year, using a two-sided alpha of 0.05 and assuming an intra-class correlation of 0.2 and a lost to follow-up rate of 10 % per year, the required sample size was estimated at 2,640, based on a total of 660 index participants and 1,980 network participants (an average of three network participants per index participant). With a predicted HIV prevalence of 50 % at baseline, the anticipated sample size for the sub-set of participants HIV uninfected at baseline used for this HIV incidence analysis was set at 1,320:330 index participants and 990 network participants.
Randomization and Blinding
Network groups (which included an index participant and their network participants) were divided randomly into two groups--experimental and control with a 1:1 ratio. After initial screening, consent and enrollment visits by both the index and network participants, an office manager scheduled the date for the first sessions for 12-20 index participants. At the beginning of this visit the office manager entered the name and gender of the participant in a simple randomization program. Then the program generated the randomization assignment. The two randomization groups then started the sessions in different rooms. Throughout the study, the participants, physicians, counselors, social workers and assessors were blinded to the intervention assignments. Participants in both groups as well as staff members were informed that we were assessing two different HIV prevention interventions. To reduce biases we did not inform staff or participants about the hypothesis or which intervention we anticipated would be more effective. Only office managers and session facilitators were aware of the randomization assignments. The information about the randomization assignments were kept in special files available only to the office managers and facilitators.
Data Analysis
Baseline demographic, behavior and biological characteristics for each group were described using proportions for categorical variables and median, 25th and 75th percentiles for continuous variables. Baseline characteristics were compared between study arms using generalized estimation equations (GEE) to account for network correlation. The incidence rate of HIV sero-conversion in the control and experimental groups and the incidence rate ratios (IRRs) were estimated using GEE Poisson regression.
The cumulative risk of HIV sero-conversion was estimated using the Kaplan-Meier method. For both Poisson regression and the Kaplan-Meier estimator, HIV seroconversion was assumed to occur at the midpoint between the last negative and first positive antibody test. A permutation test based on re-randomization of networks was used to compare the time to sero-conversion between the experimental and control groups using a generalization of the log rank statistic to allow for interval censoring [22] . Parametric accelerated failure time models were fit to the data allowing for interval censored sero-conversion times. The models assumed the sero-conversion time followed a Weibull distribution and included a random effect to allow for correlation among individuals in the same network. A likelihood ratio test was used to determine if the intra-class correlation was significantly different from zero.
GEE logistic regression models were used to assess if any of the baseline variables were significant predictors of having at least one follow up visit for participants HIVnegative at baseline. All baseline characteristics included in Table 1 , as well as randomization assignment were used as potential predictors. All statistical analyses were conducted using SAS version 9.3.
Results
Flow of Participants
Participants were recruited and enrolled from December 2004 to November 2007 at an IDU research site established at the Biomedical Center. We recruited index participants from a variety of sources including needle exchange sites and other venues where injection drug users congregated. A total of 666 individuals were assessed for eligibility (Fig. 1) . The majority of the index participants who were screened but did not enroll failed to identify a network participant who would co-enroll. Four-hundred and thirty two were enrolled and randomized, 191 index participants and 241 network participants. Each index participant brought a mean of 1.3 network participants into the study with a range of 1-4. Of the 432 participants, five were excluded because no HIV test result was available at baseline. An additional 43 % of participants were HIV positive at baseline (86/191 (45 %) index participants and 101/241 (42 %) network participants) and thus excluded from the incidence analysis. One participant who was HIV sero-negative at baseline was later determined to be HIV acutely infected at baseline and was excluded from the incidence analysis.
Baseline Characteristics
The baseline characteristics of the individuals assigned to the control and experimental groups are presented in Tables 1  and 2 . No important differences were found between groups at baseline (see Tables 1, 2 ). In general, the majority of the total cohort was in their 20 0 s and 30 0 s, two-thirds were male and single, over half lived with their parents and were underemployed. In the prior month, 95 % reported a history of injecting heroin with 30 % also injecting stimulants, (i.e. primarily amphetamines or ephedrine-based stimulants). Approximately 80 % reported a recent history of unsafe injection practices defined as any of the following sharing practices including needle or syringe sharing, shared syringe water, cotton, dish, or common liquid drug source. Ninetyfour percent of the network participants were IDUs and 85 % gave a history of being sexually active in the past 3 months. Condom use was very low.
Attendance at Index Intervention Sessions
There was no difference when we compared the eight scheduled intervention and control training session attendance rates. The median number of training sessions attended was not significantly different (Kruskal-Wallis test = 2.26, p = 0.13) between the intervention and controls respectively, 7 (IQR 3, 8) versus 5 (IQR 2, 7). The booster sessions, which focused on peer outreach, were only offered to the intervention group.
Follow-Up Visits (Fig. 1) Among the 240 HIV uninfected cohort at baseline, 80 (33.3 %) had no follow-up visit beyond baseline, thus were not included in the HIV incidence analysis. This included 46/134 (34 %) in the intervention group (28 % index participants, 39 % network participants) and 34/106 (32 %) in the control group (28 % index participants, 36 % network participants). Among the participants lost to follow-up, 33 % (26/80) had no follow-up visit due to death 15/80 (18.8 %) or incarceration 11/80 (13.8 %). None of the baseline variables were significant predictors of no visits after baseline (results not shown). Among the 160 participants with a follow up visit, 88 (55 %) had only a single visit. The mean interval between the baseline and the final visit was 292 days with an overall range of 62-728 days.
HIV Incidence
The estimated incidence and incidence ratio for HIV in the control and experimental groups are presented in Table 3 . Estimated incidences in control and experimental groups were 19.57 (95 % confidence interval (CI) 10.74-35.65) The Kaplan-Meier estimates of the cumulative risk of HIV sero-conversion for the two groups are presented in Fig. 2 . The estimated risk of sero-conversion was higher for the control group compared to the experimental group at all time-points, although there was not a statistically significant difference in the rate of sero-conversion between the groups (log rank test statistic X 2 = 2.73, permutation Number of roommatesp-value = 0.16). At 1 year, the estimated cumulative risk of sero-conversion was 20.0 % in the control group and 9.9 % in the experimental group. Among the 84 network participants, 50 (60 %) were injection partners only to the index participant; 29 (35 %) were both injection and sexual partners; and 5 (6 %) were sexual partners only with the index participant. Among the 50 injection partners only, 9 (18 %) HIV seroconverted while 4/29 (14 %) of the both injection and sexual partners seroconverted. None of the five sexual partners only seroconverted. There were inadequate numbers of sero-conversions to further stratify these risk groups by the experimental and control arms.
Sensitivity Analysis
Using HIV RNA testing to detect acute infection, one individual was found to have acute HIV during his second follow-up visit. Adjustments were made to-recalculate the interval over which we believed infection occurred, which resulted in no appreciable difference in the overall results.
Discussion
Prevention of HIV transmission and acquisition among IDUs is extremely challenging in settings where the HIV prevalence is high, there is no or little access to drug replacement therapy or needle exchange, condom use is low and the population of IDUs is marginalized and criminalized with limited access to HIV treatment, including antiretroviral therapy. Although the implementation of this study was challenging and ultimately underpowered, our results suggest this intervention may reduce HIV incidence within IDU networks. We employed parametric (Weibull AFT model), semi-parametric (GEE Poisson regression) and non-parametric (Kaplan-Meier estimates, generalized log rank test) methods to compare HIV incidence rates in the experimental and control groups; all methods gave comparable results, indicating incidence in the control group was roughly twice that in the intervention group. This ratio was the same among the index participants and their network participants, showing a promising trend that the intervention might reduce the risk of HIV infection at the network level. The results of this social network intervention conducted in Russia are encouraging and particularly relevant in settings where such a strategy could be part of a comprehensive package of interventions for IDUs, including biomedical interventions such as pre-exposure prophylaxis and early initiation of antiretroviral therapy [23, 24] . This type of network intervention is also culturally appropriate as most IDUs interact in small networks and this intervention has the characteristics necessary to reach hidden and stigmatized populations of injectors, including sexual partners, and is, by design, much less costly than training each individual at risk. Similar to past St. Petersburg IDU cohorts, this group of peer IDUs and their network members were at very high risk of HIV acquisition. Eighty percent reported recent injection sharing and 30 % of these heroin injectors also injected stimulants, a known co-factor to HIV sero-conversion [5] . Thus, it is not surprising that the HIV incidence among both the control and intervention groups was so high. It is unfortunate that for over a decade this high prevalence and incidence among IDU in Russia has been widely disseminated to Russian public health policy makers and has resulted in no structural changes regarding access to effective drug use treatment, harm reduction programs or elimination of barriers to ART for IDU.
Several prior studies based on theories of social influence have demonstrated the feasibility of training IDUs to promote risk reduction among peers and thereby changing their own behaviors as well as those of their network members. The SHIELD study in Baltimore found significantly greater reductions in the experimental condition in which participants were trained to be peer educators, as compared to the control group [25] . And the STEP study, which was also a peer education randomized control trial, found significantly lower risk behaviors in the index participants in the experimental arm as well as their network members at the 18 month follow-up [26] . Neither STEP nor SHIELD used biological outcomes. With a similar design as ours, HPTN 037, which was implemented in Chiang Mai, Thailand and Philadelphia, USA, was designed to test a social network intervention with HIV sero-conversion as the outcome [27] . However, the actual HIV incidence in Thailand turned out to be much lower than anticipated. Moreover, the Thai war on drugs seriously disrupted the network of drug users and led to mass incarcerations and killings. While there was no intervention effect in Thailand, the study results in Philadelphia did demonstrate a pattern of statistically significant reductions in injection related risk behaviors for up to 24 months among peer educators and their network members, as compared to those in the control group [27] .
There were important limitations to this study. Although our predicted HIV prevalence of 50 % was similar to the 45 % we observed, we over estimated both the feasibility of enrolling over 2,500 IDU at a single site and our ability to retain 90 % of the cohort over the study period. In a previous St. Petersburg longitudinal cohort study we were able to enroll and follow 500 high risk IDU in an observational study [4] . However, in this intervention study we failed to appreciate the difficulty in co-enrolling network members despite an incentivized strategy of network member referrals. Although an adequate sample of index IDU were screened, only 65 % were willing or able to convince their network members to participate, and when they did, were successful in only enrolling a mean of 1.3 network participants per index participant, far short of the predicted 3 per index participant we anticipated. From our experience, future research in this area will require a smaller sample size per site, or a research design where a community effect can be measured instead of following individual HIV incidence. Our predicted retention of 90 % per year was unrealistic. Our previous NIH funded, monitored and managed longitudinal observational cohort study among IDU in St. Petersburg [5] had a 1 year lost to follow up of 20 % with half of the loss to follow-up due to incarceration or death. However, similar to our previous cohorts, there were no socio-demographic or behavioral differences between the groups lost to follow-up and those retained, either among the index or network participants or between the control and intervention groups. So we have some level of confidence that our high lost to followup rate did not have an inordinate effect on our reported outcomes. Another limitation is that we only accounted for inside network correlations, not for correlations which might have occurred among index participants who had intervention sessions together, which might have resulted in new IDU relationships and perhaps magnified the effect of the intervention; or the potential contamination between the control and experimental groups, which may have reduce the effect size.
Despite the serious limitations in the implementation of the study, the results of this peer educator network intervention show great promise that this strategy may be successful in reducing the transmission of HIV among severely marginalized IDUs.
